A versatile and environmentally friendly method for α,α'-bis(substituted benzylidene) cycloalkanones has been developed using a heterogeneous catalysis technology. We have synthesized a series of the α,α'-bis(substituted benzylidene) cycloalkanones, a biologically important class of compounds, via the cross aldol condensation between arylaldehydes and cycloketones using sodium-modified fluorapatite (Na/FAP) as a highly efficient solid catalyst under conventional heating in aqueous media and solventless conditions under microwave. Catalyst reuse, ease of separation of the pure product, and high yields are some of the unique features of this process. Shorter reaction times (4 -7 min) and higher yields (80% -94%) were achieved under microwave irradiation conditions.
Introduction
The concept of "green chemistry" has been widely adopted to meet the fundamental scientific challenges of protecting human health and the environment while simultaneously achieving commercial viability [1] . The emerging area of green chemistry envisages minimum hazard as the performance criteria while designing new chemical processes. One of the thrust areas for achieving this target is to explore alternative reaction conditions and reaction media to accomplish the desired chemical transformations with minimum byproducts and waste generation, as well as eliminating the use of volatile and toxic organic solvents [2] [3] .
Organic reactions in aqueous media have become one of the most challenging areas in organic synthesis due to the environmental benefits and favorable effects of water on chemical transformations [4] [5] [6] [7] . Especially, the reactions mediated by heterogeneous catalysts in aqueous media are of current interest for their considerable applications in organic synthesis [8] [9] . In other cases, organic reactions accelerated under the influence of microwave (MW) irradiation assisted heterogeneous reactions that various solid inorganic supports have attracted considerable attention in the past decade for the efficient and relatively friendlier synthesis of a variety of organic compounds [10] [11] [12] [13] . The use of MW irradiation for the formation of several carbon heteroatom and carbon-carbon bonds has been successfully demonstrated [14] [15] .
A general method for the formation of a carbon-carbon bond in many classes of carbonyl compounds is aldol condensation [16] [17] . Due to the importance of the methylene structural unit, which is found in many naturally occurring compounds and antibiotics, and the use of α,α'-bis(substituted benzylidene) cycloalkanones as precursors for the synthesis of bioactive pyrimidine derivatives [18] , the condensation of cycloalkanones with aldehydes and ketones is of special interest, and cross-aldol condensation is an effective pathway for these preparations. This reaction is classically carried out using strong acid or base [19] . Indeed, different organometallic complexes [20] , Lewis acid such as RuCl 3 [21] [25] , and other catalysts such as, SiO 2 -Pr-SO 3 H [26] , under micellar medium [27] , Polymer-supported sulfonic acid (NKC-9) [28] , TiCl 3 (SO 3 CF 3 ) [29] , I 2 [30] , LiOH [31] , BMPTO [32] , and KF/Al 2 O 3 [33] are found to be able to catalyze this reaction. However, these methods of synthesis suffer from some drawbacks such as the use of toxic reagents, unfeasibility of recovering the catalyst, modest yields and long reaction time. Thus, it is significant to exploit clean and efficient catalysts for the synthesis of α,α'-bis(substituted benzylidene) cycloalkanones.
The last few years have witnessed considerable resurgence of interest in the activity of fluorapatite activated by sodium nitrate (Na/FAP), induced organic transformations. In a series of publications from our group, we have exploited the catalytic potential of Na/FAP for various organic transformations, e.g. knoevenagel condensation [34] , synthesis of α-hydroxy phosphonates [9] and hydration of nitriles to amides [35] . In continuation, we wish to report a mild, convenient and green methodology for the synthesis of α,α'-bis(substituted benzylidene) cycloalkanones using Na/FAP in aqueous media under conventional 
Result and Discussion
Crossed aldol was first carried out in water using FAP as a catalyst under conventional heating. In general, the yields obtained are poor. Thus, in 48 h reaction, the obtained recoveries in 3a, 3b, 3c, 3d, 3e, 3f, 3g, 3h, 3i, 3j, 3k, 3l, 3m and 3n were 10%, 08%, 13%, 11%, 07%, 10%, 20%, 20%, 16%, 13%, 12%, 10%, 11%
and 25% respectively. To increase its catalytic activity, FAP was impregnated by sodium nitrate to yield a more efficient catalyst (Na/FAP), as described previously [9] [34] [35] . The cross-aldol condensation between benzaldehyde (1a, 2 mmol) and cyclohexanone (2a, 1 mmol) were chosen as model substrates to determine suitable reaction conditions for synthesis α,α'-bis(substituted benzylidene) cycloalkanones with Na/FAP under classical heating. At first, various solvent were tested. Thus, after 2.5 h the yields of product 3a obtained were 91%, 78%, 50% and 30% in the presence of water, methnol, ethanol and n-butanol, respectively. It can be concluded that water is the best solvent for this reaction.
The reaction was quite sensitive to the reflux temperature. In the absence of the solvent, no product was observed but only the starting material was recovered.
This behaviour indicates that some solvent is needed to facilitate the contact between the reagents and active site.
The study of the influence of the volume of the solvent showed that 5 mL of water resulted in optimal yield ( Figure 1 ). An increase in the volume of up to 6mL slightly decreased the reaction yield (84%), and this was reduced further to 38% when a volume of 10mL was used. The large solvent volume reduced the overall reaction concentration, which explains the decreased yield ( Figure 1 ).
Based on the results obtained above, other substrates have also been studied for the preparation of α,α'-bis(substituted benzylidene) cycloalkanone derivatives (Scheme 1). The results are summarized in the Table 1 . The reactions were completed within 60 -255 min and high yields of α,α'-bis(substituted benzylidene, furfurylidene and cinnamylidene) cyclopentanone and cyclohexanone were obtained (entries 3a -3n). Under these conditions, no self-condensation of the starting materials was observed. Monocondensation from one side of cycloalkanones in the presence of small amounts of the aldehydes was attempted but was not successful. It can be noticed that the condensation of various aldehydes with cyclopentanone is faster than the condensation with cyclohexanone. This may be due to the removal of the eclipsing effect of adjacent hydrogen atoms in cyclopentanone after the formation of arylmethylidene derivative [36] .
The development of a more sustainable and benign strategy that minimizes energy consumption and time for reaction completion maximizing the conversions and/or yields has been reported through the use of microwaves [37] . Indeed, the best results of the present work were obtained under microwave irradiation.
The effect of the microwave in the cross aldol was investigated employing the catalyst (Na/FAP). The results are summarized in Table 1 . The reactions were completed within 4 -7 min and α,α'-bis(substituted benzylidene, furfurylidene and cinnamylidene) cyclopentanone and cyclohexanone obtained in good to high yields (entries 3a -3n).
The results of the reactions at microwave irradiation conditions are compared with the reflux conditions and short reaction times were observed, which is more economic in terms of time. It was noticed that there was no reaction under microwave without catalyst, and to what was observed in traditional heating without solvent. This shows a certain synergy between catalyst and the microwave. It is thus completely reasonable to think that the effect of the temperature is a determining factor to promote this condensation. Unfortunately, domestic microwave was used and therefore it was impossible to measure the exact One of the most important features of a heterogeneous catalyst is the ease of the recovery and reuse. Na/FAP was recovered and dried at 150˚C before being tested for the synthesis of 3a. After a 4 cycle run, a progressive decrease in yield was observed as shown in Figure 2 , indicating catalyst exhaustion. This behavior can be explained by the accumulation of organic substrates over the active sites of the catalyst. However, we were able to achieve a complete regeneration of the catalyst when washed by acetone and then calcined at 500˚C before its reuse. Figure 2 shows the activity profile of the catalyst after a 4 cycle run.
Experimental

Preparation and Characterisation of Fluorapatite (FAP)
The synthesis of fluorapatite [Ca 10 (PO4) 6 
Preparation and Characterisation of Na/FAP
The modified FAP (Na/FAP = 1/2 w/w) was prepared by addition of FAP (10 g) to an aqueous sodium nitrate solution (50 mL, 1.17 M). The mixture was stirred at room temperature for 15 min and then the water evaporated under vacuum.
The resulting solid was calcined under air for 1 h at 650˚C. The XRD patterns of calcined Na/FAP showed the apparition of new phases, so the CaO phase (2θ = 32.2, 37.5 and 54.0) is clearly identified [9] . Two new phases are probably Ca- 
General Procedure for the Synthesis of the α,α'-(EE)-Bis(Benzylidene)-Cycloalkanones
The typical reaction procedure for the cross-aldol condensation of aldehydes with cycloalkanones catalyzed by fluorapatite alone or modified was as follows.
Method A: to a 5 mL of distilled water in a round bottom flask, was added arylaldehydes 1 (2 mmol), cycloalkones 2 (1 mmol) and 1g of the catalyst, and the mixture was refluxed in water.
Method B: to a solution of aldehydes 1 (2 mmol) and cycloalkanes 2 (1 mmol), 1 g of the Na/FAP was added and the mixture was stirred with a spatula at room temperature and was irradiated by domestic microwave for the appropriate time at (450 W). Hot water (2 × 20 mL) was added, followed by simple filtration. For both methods, after filtration and extraction with hot water, the solutions were concentrated and purified by silica gel chromatography (n hexane/ethyl acetate: 7 mL/3mL). The products were identified by melting points, 
Conclusion
In conclusion, we have developed a clean and easy method for the synthesis of α,α'-bis(substituted benzylidene, furfurylidene and cinnamylidene) cyclopentanone and cyclohexanone using an inexpensive, reusable, easy to handle, noncorrosive, and environmentally benign catalyst (sodium-modified fluorapatite). The reaction can be carried out in water under classical heating. The microwave-assisted procedure in solvent-free system has provided a soft and cleaner approach for the cross-aldol condensation. The use of Na/FAP offers diverse advantages including simplicity of operation due to the heterogeneous nature of reaction, easy workup, high yields, and catalyst reusability.
